In this study, we have analysed meiotic pairing in wheat-rye intergeneric hybrids obtained by crossing T aestivum cv. Chinese Spring with two cultivars of S. cereale (Elbon and Ailés, respectively) and S. vavilovii.
INTRODUCTION
Wheat has a mechanism to maintain its meiotic regularity which is effective even in single doses. The studies made using hybrids between T. aestivum and other related species have shown that the pairing level is low and with values close to these observed in wheat haploids, although there are some reports of particular genotypes in which the homoeologous pairing is promoted, namely in T speltoides (Dvorak, 1972) , T. tripsacoides (Dover and Riley, 1972) and T. longissimum (Mello-Sampayo, 1971) .
S. cereale genome in its hybrids with T aestivum has no clear effect on homoeologous pairing. Upadhya and Swaminathan (1967) have suggested that the mere fact of being hybrid could promote pairing. Other investigators have indicated that several doses of R genome (rye) are necessary to detect an increase in hybrid homoeologous pairing (Miller and Riley, 1972; Naranjo et aL, 1979) . However, there is evidence about the existence of genetic combinations in rye which are able to promote hybrid homoeologous pairing (Wall et a!., 1971; Roothan and Sybenga, 1976; Dvorak, 1977) . On the other hand, the data given by Lelley (1976) and Romero and Lacadena (1982) suggest the possible existence in rye of promotor and supressor genes for homoeologous pairing.
In this study we have analysed the effect of different genetic combinations of autogamous and allogamous rye on the wheat homoeologous pairing regulation systems using intergeneric hybrids between hexaploid wheat and diploid rye.
MATERIALS AND METHODS
Hybrids obtained by crossing T aestivum L. cv. Chinese Spring as female with S. vavilovii (HCSV), S. cereale cv. Elbon (HSCE), and S. cereale cv. Ailés (HSCA) as males, were used in the present research. The hybrid seeds were allowed to grow in culture medium (Kaltsikes, 1974) then transplanted into pots and grown outdoors to maturity. The meiotic analysis was made 323 on Metaphase I anthers stained by the Feulgen method. The slides were prepared by the acetocarmine squash technique and made permanent with Sandeural. 50 pollen mother cells (PMCs) were scored for each plant from the most synchronus Metaphase I slide, with the exception of 3 plants in which it was only possible to score 30, 25, and 11 PMCs. The chiasmata number was estimated as the number of bound arms. The paired chromosome complement was estimated as the number of paired chromosomes in relation to the total number of chromosomes. The comparisons between bivalent, chiasmata per cell and paired chromosome complement distributions were made by the x2 contingency test, and the comparison between the variance distributions by the F test.
3. RESULTS 55 wheat-rye hybrids (2n = 28) were analysed. The data of 27 previously obtained T aestivum cv. Chinese Spring X S. cereale cv. JNK (HCSJ) hybrids were also used (Romero and Lacadena, 1982) . Table 1 is a summary of the meiotic pairing values of the HCSE, HCSA, and HCSV hybrids. For HCSE plants the mean value of bivalents per cell was 027, ranging from 000 to 108, and the chiasmata per cell mean coincided in most of the plants with the bivalent mean. In some cases, these parameters had different values and this was due to the ring bivalent and multivalent association occurrence, mainly trivalents and quadrivalent in one case. These plants had a low paired chromosome complement with a mean value of 002.
In the HCSA hybrids, the mean value of bivalent per cell was 044, ranging from 008 to 256. The meiotic behaviour of HCSA plants was similar to that of HCSE hybrids and the bivalent mean coincided in almost all cases with chiasmata per cell mean. The paired chromosome complement was 003, slightly higher than the HCSE value. The comparison by x2 contingency test for the distribution of bivalents and chiasmata per cell did not show significant differences either in HCSE or in HCSA plants.
The mean value of bivalents per cell shown for HSCV plants was O44
ranging from 034 to 054. In this case, the mean of chiasmata per cell coincided with the mean value of bivalents. The paired chromosome complement was 003. Table 2 shows the comparison by x2 contingency test of the bivalents and paired chromosome complement distributions of the hybrids taken two by two. For HSCE and HCSA hybrids the x2 contingency test indicated significant differences both for bivalents and paired chromosome complement distributions. The same result was obtained in HCSE-HCSJ and HCSA-HCSJ comparisons. In the case of the comparison of HCSE-HCSV bivalent distribution, the y2 did not indicate significant differences. However, x2 indicated highly significant differences in the paired chromosome complement distribution. The two distributions were not significant for HCSA-HCSV and HCSJ-HCSV comparisons.
The variances of bivalent and paired chromosome complement distribution were calculated for HCSE, HCSA, HCSJ and HCSV hybrids. These results are summarised in table 3(a). The HCSA hybrids have the highest variance values in both bivalents and paired chromosome complement (0.3790 and 00025, respectively). The HCSV hybrids have the lowest The variance values of bivalent and paired chromosome complement distributions of HCSE, HCSA, HCSJ and HCSV hybrids (a). Grouped variance of HCSE, HCSA, HCSJ respect to HCSV hybrids (b) The pairing data in four hybrid types is shown in fig. 1 . The points indicate the bivalent mean for each plant and the crosses the mean value of each hybrid type. In this figure, the plants that are homogeneous are indicated by a line. When it was not possible to carry out the homogeneity x2 test for different reasons (classes with expected values lower than five; small number of cells in the classes with at least one bivalent or large differences between pairing levels), the plants are not grouped.
In figure 1 , a large variation of pairing in each hybrid type and between different hybrids can be observed. The HSCV plants have the lowest variation range. The pairing levels have been divided into five groups according to an arbitrary nomenclature; the plants located in 000 to 004 are included in 
Discussior'
The analysed hybrids have 2n = 28 chromosomes implicating the A, B and D genomes of wheat and the R genome of rye. In all hybrids the wheat complement is the same, but the rye genome differs according to hybrid type. Each genome is present in single dose.
Levels of meiotic pairing in T. aestivum are generally low (Riley and Law, 1965; Miller and Riley, 1972; Miller and Chapman, 1972) . Dvorak (1977) observed a mean of Xta per cell in eight haploids of Chinese Spring ranging from 0 17 to 035. However, there are haploids from other cultivars of T. aestivum such as Holdfast (Riley, 1960) , in which the pairing level is higher than Chinese Spring.
In our study, a large range of variation in meiotic pairing of HCSE and HCSA hybrids was found (table 1) . This variation is produced by the presence of some plants with lower pairing levels than those of T aestivum haploids; others with a bivalent mean similar to the haploids; and some with a higher pairing level. The plants of lowest pairing type are found in HCSE hybrids and those with the highest in HCSA hybrids. The meiotic behaviour of four HCSV hybrids analysed (table 1) indicates that all bivalent means are similar to those of the wheat haploids, with little variation in range.
There are differences between the average means of bivalents in the different types of hybrids. The HCSE hybrids have a bivalent mean of 027; this value is similar to the one obtained in wheat-rye hybrids when chromosome 5A is lacking (Romero and Lacadena, 1980) . This chromosome carries promotor genes of homoeologous pairing. This bivalent mean is the lowest of all the analyzed hybrids, since they have a great number of plants with the lowest pairing levels ( fig. 1 ). The bivalent mean of HCSA hybrids is 044. In these hybrids, the maximum value of bivalents per cell was found, and plants in the lowest pairing levels were lacking ( fig. 1 ). The HCSJ hybrids behaved in a similar manner to the HCSA ones, the bivalent mean being very similar. There were no plants in the lowest levels of pairing but in this case the promotion levels in the HCSA hybrids were never reached (Romero and Lacadena, 1982) . The bivalent mean of HCSV hybrids is similar to that of HCSA hybrids. However, their behaviour is different because the plants are grouped around the bivalent mean ( fig. 1 ). There are no significant differences between bivalent and Xta per cell distributions in any of the hybrid types. These results agree with those of Lelley (1976) , Viegas (1980) and Romero and Lacadena (1982) . In this respect our data demonstrates that the rye effect would be exercised on the number of paired chromosomes and not on the chiasmata per cell. Although the bivalent distributions of all hybrids are similar, the x2 test demonstrates significant differences in all cases in which HCSV hybrids are not implicated in the comparison (table 2). For the most frequent classes (0, 1, 2 bivalents), the distribution of the last hybrids is situated in the middle of the others. This fact might explain the absence of significant differences.
According to the variation ranges found in homoeologous pairing for each hybrid type, the variances observed are higher for HCSE, HCSA and HCSJ hybrids than for HCSV plants (table 3) .
All the results obtained for the four types of hybrids are summarised in fig. 1 . First of all we will analyse the pairing levels independently of the hybrid type. Plants with a bivalent mean lower than that of T. aestivum haploids are included in the level of "low pairing". The bivalent mean of these plants is similar to those of wheat-rye hybrids in which the 3B chromosome is absent (Romero and Lacadena, 1980) . This chromosome carries genes promoting homoeologous pairing. Genetic combinations of rye with suppressor activity for homoeologous pairing might exist in these hybrids. Lelley (1976) suggest the existence of rye promotor and suppressor genes of homoeologous pairing. In this sense, Romero and Lacadena (1980) found a promotor or suppressor effect of rye B-chromosomes depending upon the wheat genetic background. Nevertheless, the extreme values of the two levels could be explained by a slight rye promotor and suppressor effect since the considered range is larger than that found in most of the wheat haploids.
In the group of "high intermediate pairing", the bivalent mean is higher than that of wheat haploids. In this case the rye genes promote the association of homoeologous chromosomes.
A higher promotor effect is detected in the plants of the "high pairing" group. Lelley (1976) pointed out that the genetic combinations promoting very high pairing would be exceptional. This might explain the low number of our plants included in these levels. On the other hand, the data obtained in the homogeneity studies suggests that in each group the rye affects the pairing in a similar way. In those cases where the x2 test is not available (plants of "low pairing" group and HCSV hybrids), the bivalent mean is similar. In conclusion, our results indicate that the rye genes can promote, suppress or may not affect the homoeologous pairing, depending upon the particular genotype of rye present in the hybrids.
According to the meiotic behaviour of different hybrids, each rye type has a particular effect on the homoeologous pairing. In the case of hybrids with the cultivar Elbon, there are plants included in the "low pairing" group and genetic combinations without effects on the homoeologous pairing and even others promoting it.
HCSA hybrids have the highest bivalent mean (2.56). Dvorak (1977) analysed wheat-rye hybrids (cv. Prolific) observing that the highest Xta per cell mean was 359. This value is similar to the maximum value of pairing occurring in our HCSA hybrids (the bivalent mean, 256, corresponds to 332 Xta per cell). On the basis of this data the promotor effect of cv. Ailés is comparable to that of cv. Prolific. Moreover, this value is similar to the one observed in wheat-rye hybrids where the 3D chromosome, which contains suppressor genes for homoeologous pairing, is absent (Romero and Lacadena, 1980) . This agrees with the idea that promotor genes of homoeologous pairing are present in the cv. Ailés. In this cultivar, a suppressor effect as important as that found in the cv. Elbon, has not been demonstrated because the lowest pairing level of HCSA hybrids is situated in the wheat haploid range. The average bivalent mean of HCSJ is 043. In comparison to the other types of hybrids there is a proportional increase of the number of plants included in "high intermediate pairing" level.
All HCSV hybrids have bivalent means similar to those of wheat haploids indicating that, S. vavilovii has practically no effect on the homoeologous pairing control of wheat.
The meiotic pairing variation range is extensive in the HCSE, HCSA and HCSJ hybrids ( fig. 1 ). This fact is related to the type of reproduction of Elbon, Ailés and JNK cultivars. These three cultivars are allogamous with a high level of heterozygosity. Therefore, many different genetic combinations, with different effects on the homoeologous pairing control of wheat, would exist. Since the rye species used in HCSV hybrids is autogamous, all plants would have the same genetic combinations and therefore similar effects upon the wheat. This fact could explain the slight variation range of these hybrids. Thus, the differences in the variation range (see table 3 ) cannot be attributed to chance, but to the reproductive mechanism (allogamy and autogamy) of the different rye cultivars and species used.
